This review examines the commonly held premise that, apart from the Western Pacific forms, motor neuron disease (MND), has a uniform worldwide distribution in space and time; the methodological problems in studies of MND incidence; and directions for future epidemiological research. MND is more common in men at all ages. Age-specific incidence rises steeply into the seventh decade but the incidence in the very elderly is uncertain. A rise in mortality from MND over recent decades has been demonstrated wherever this has been examined and may be real rather than due to improved case ascertainment. Comparison of incidence studies in different places is complicated by non-standardised methods of case ascertainment and diagnosis but there appear to be differences between well studied populations. In
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Abstract This review examines the commonly held premise that, apart from the Western Pacific forms, motor neuron disease (MND), has a uniform worldwide distribution in space and time; the methodological problems in studies of MND incidence; and directions for future epidemiological research. MND is more common in men at all ages. Age-specific incidence rises steeply into the seventh decade but the incidence in the very elderly is uncertain. A rise in mortality from MND over recent decades has been demonstrated wherever this has been examined and may be real rather than due to improved case ascertainment. Comparison of incidence studies in different places is complicated by non-standardised methods of case ascertainment and diagnosis but there appear to be differences between well studied populations. In developed countries in the northern hemisphere there is a weak positive correlation between standardised, age-specific incidence and distance from the equator. There is now strong evidence for an environmental factor as the cause of the Western Pacific forms of MND. A number of clusters of sporadic MND have been reported from developed countries, but no single agent identified as responsible. The term MND is usually applied to a spectrum of motor system disorders which include both childhood and adult forms.1 2 Recent advances have been made in understanding those forms which have a genetic basis. 34 Although a number of conditions have been identified which may mimic MND for the vast majority of patients with sporadic adult onset disease the cause is unknown.T he possibility that environmental factors play a role in MND, particularly in the light of studies from the Western Pacific,8 is an appealing and recurring theme.9 This hypothesis, however, is not supported by the traditional teaching that the distribution of MND in developed countries is uniform and static.'1'4 A recent editorial"5 has challenged this view, suggesting that the distribution of MND in time and place may not be as uniform as previously believed. The tendency of many epidemiological reports to reiterate principles expounded in the 1950s may reflect methodological or statistical difficulties in detecting true differences in the distribution of the disease within and between countries, and at different times. Clearly non-random distributions are important to identify as clues to potential environmental risks.
It has been ten years since the last review of the epidemiology of MNDl4* and since then important additional observations have been made. A thorough reappraisal of the subject seems timely. Our aims are therefore to: 1) review all publications concerned with the mortality and incidence of adult onset MND in defined populations. Publications were specifically reviewed for any evidence of a nonrandom distribution in place both between studies and within populations. Some incidence studies also calculate, or include, a prevalence survey but studies exclusively of MND prevalence are not incorporated in this analysis as they do not add further to aetiological considerations; 2) review secular trends in this disease; 3) examine the reports of clusters of MND which might provide clues to environmental influences; 4) compare the epidemiology of the Western Pacific forms with sporadic MND, and summarise the results of the intensive search for its cause; 5) identify standards for future epidemiological studies of MND and possible research directions.
Methods
This paper was prepared according to recent guidelines for medical reviews.'6 '7 A comprehensive search by individual year using Cambridge Compact Disc Medline from January 1965-June 1991 was used to identify all publications in English, or with English abstracts, dealing with the frequency (mortality or incidence) of adult onset MND in defined populations worldwide. The references in these publications were used to cross-check the thoroughness of this search and to locate papers published from 1950-65. In addition any papers dealing with survival or prognosis, which may contain incidence data and reports of clusters, were specifically sought. All papers were reviewed in the original.
Many population-based studies of MND have been published which vary widely in their quality. For Age specific mortality rates, where given, usually rise to a peak between 60 and 75 years, followed by a sharp decline, but this may simply reflect difficulties with diagnosis in the very elderly. In Sweden, for some birth cohorts followed up separately over time, the mortality increased continuously with age.22 Rates in males are consistently higher than in females, usually by about 1 5: 1.
When international mortality figures were last reviewed in detail,'9 a rise from followed by a sharp fall until 1971 There was a specific positive correlation for poliomyelitis but not for other infectious diseases; nor did poliomyelitis correlate with other leading causes of death. 85 The suggestion has been made that the rising rate of poliomyelitis during the early decades of this century accounts for the present increasing trend in MND mortality (due to subclinical infection). There is, however, no such correlation in Scotland and little support for viral infection from laboratory studies. 86 Although late neurological deterioration after poliomyelitis may resemble MND,87 the relationship between previous poliomyelitis and sporadic MND remains a matter of debate. Table 3 gives a list of other syndromes which may mimic idiopathic MND.
4) Western Pacific forms of MND
The Western Pacific clusters are found in: 1) Guam, the southernmost and largest of the Mariana islands, where the Chamorro Indians are affected;88-90 2) the Kii peninsula of Japan'4 and 3) the Auyu and Jakai people of West New Guinea.9' In Guam, the most extensively studied of these endemic variates, the clinical features resemble sporadic MND/ ALS, but in the same population there is also a high incidence of a Parkinsonism/dementia complex. The pathology of both these Guamanian diseases includes extensive neurofibrillary tangles in the cerebrum and brainstem of most patients, and in the spinal cord of a minority, as well as anterior horn cell loss92 93 in MND/ALS. This difference suggests that the sporadic and Western Pacific forms of MND may have a different aetiology. Discovery of the cause of these high incidence foci might have widespread repercussions for the understanding of sporadic MND.
The evidence for an environmental cause, or at least a genetically determined host response to an exogenous factor," is now very strong. The disease is confined to a particular area of the Mariana islands despite a shared original migration pattern;97 there is no evidence for Mendelian inheritance94 and the disease is of no higher incidence in offspring of affected than non affected Guamanians. The incidence of MND/ALS on Guam has declined by at least 50% from rates that were 50-100 times greater than developed countries in 1 950-6998"O1 although the accuracy of some reports has recently been questioned.'02
Age of onset may be increasing.93 MND does not develop among those who have had a brief exposure to the implicated environment'03 and the latency for the development of MND, as judged by studies of Chamorro migrants to the USA, is long'04 105 implying that an early exposure may be crucial, or any proposed environmental factor must be slow acting, or the ageing factor is interacting with an earlier environmental agent. Attempts to transmit the disease have failed.'06
The putative environmental cause is unknown. If the incidence is declining then this coincides with adoption of a lifestyle closer to Western standards and suggests that environmental factors associated with a primitive lifestyle may be important. Neurotoxins in the seeds of the nut Cycad Circinalis (false sago palm), and used by the natives of Guam for the production of flour, are thought by some to be responsible.'07 A degenerative motor system disease with similarities to MND has been produced in primates by feeding the cycad derived toxin-BMAA (a-amino-fl-methylaminoproprionic acid) '08 109 but motor neuron pathology can also be induced by other experimental methods." 0 Doses required for these experiments are high but washing the seeds, as is the custom, removes all but minute traces of BMAA,"'1 probably to such low levels that toxicity is unlikely. 1 "2 Gadjusek and others suggest an alternative mechanism.'02 113 114 In New Guinea low concentrations of calcium and magnesium and high levels of aluminium, silicon, titanium, chromium, iron and manganese are present in the well and spring water of those villages in which MND is found and not in those which lie on the major large rivers which originate in the central highlands. The biochemical abnormalities in the water or diet in Guam are less certain but intraneuronal deposits of calcium and aluminium suggest that basic defects in mineral metabolism might impair transport of neurofilament proteins, leading to neurofibrillary tangle formation.115
The interested reader is referred elsewhere for details of this extensive debate."6 Conclusions Mortality statistics in MND may be sufficient for studying trends with time, and possibly variation in place, but are likely to underestimate rates in the elderly, particularly in medically deprived areas, where age-specific rates may be higher than reported. Death certificate data are subject to changes in coding practice and there is little information on the frequency of false positive coding. Nonetheless recent studies of mortality do show a rising trend with time, particularly in older age groups. This is a consistent finding in a number of countries, and it may be real rather than due to ascertainment bias but, if so, its cause is uncertain. If rates really are increasing, then this complicates comparisons between studies in different places conducted over different periods.
There are certainly variations in reported incidence rates in place, most of which can be explained on the basis of differences in case ascertainment with higher rates tending to be from more complete studies. There may, however, be real differences of two to four fold between well studied populations in developed countries, suggesting a non random distribution of MND. The evidence for an environmental factor in the aetiology of the Western Pacific forms is now very strong. 
